A rapid detection method for the pesticide pentachlorophenol (PCP) -polarization fluoroimmunoassay (PFIA) -in the dynamic range of 10-9,000 ppb was developed. PCP may form polychlorinated dibenzo-p-dioxins, making environmental monitoring of this compound an issue of great importance. In order to optimize the PFIA procedure, a number of fluorescein-labeled PCP derivatives and similar compounds (tracers) were synthesized, and the influence of their structure on PFIA characteristics was studied. Also, two antisera were tested in developing PFIA for PCP. The developed method is highly specific for PCP and can be used for its determination in water samples at a level down to 10 ppb. Total time of the assay for 10 samples is about 7 min. The assay provides a useful and a highly practical screening tool for the processing of large numbers of samples and for the preliminary estimation of potential dioxins contamination in water resources.
INTRODUCTION
Pentachlorophenol (PCP) is a widely used substance as an insecticide in wood preservation and also in agriculture as a herbicide. It contaminates air at lumber mills and wood-treatment facilities, groundwater, surface water, fish habitats, and drinking water. PCP exposure can harm the liver, kidneys, blood, lungs, nervous system, immune system, and gastrointestinal tract. Moreover, PCP can form polychlorinated dibenzodioxins/furans, where the main product of its transformation is octachlorodibenzo-p-dioxin. Such processes take place under conditions such as in compost and sewage sludge [1, 2] . In addition, dioxins can form in living cells from chlorophenols in peroxidasecatalyzed processes [3] .
The most promising methods for PCP monitoring currently under development are antibodybased methods [4, 5] . We have developed a polarization fluorescent immunoassay (PFIA), which is cost-effective, meets the requirements for water monitoring, and is highly specific, technically simple, and rapid (measurement of 10 samples takes 7-10 min). Water samples do not require any pretreatment. PFIA is a very convenient technique for environmental monitoring.
EXPERIMENTAL METHODS/PROCEDURES

Synthesis of Fluorescent Tracers
Fluorescein thiocarbamyl ethylene diamine (EDF) was synthesized as previously described from ethylene diamine and fluorescein isothiocyanate isomer I [6] . The EDF-PCP tracers were synthesized using the N-hydroxysuccinimide ester method. An amount of 8 mg (80 µmol) Nhydroxysuccinimide and 8 mg (40 µmol) of N,N′-dicyclohexylcarbodiimide were added to a solution of 20 mmol corresponding PCP-carboxy derivative in 0.2 ml of dimethylformamide. After 2 h stirring at room temperature, the solution was added to 5 mg (10 mmol) of EDF. Then the reaction mixture was stirred at room temperature for 3 h. Small portions of reaction mixture (50 µl) were separated by TLC using chloroform/methanol (4:1 v/v) as the eluent. The main yellow band at Rf 0.9 was isolated and stored in methanol at 4°C. The tracer solution was further diluted in 2.5 mM borate buffer and used for PFIA measurements.
PFIA Procedure
Dilution curves were constructed as follows. Antiserum IgG fraction was diluted 1/50, 1/100, 1/200, up to 1/51,200 and incubated with the tracer solution in a total volume of 1 ml for 1 min at room temperature, followed by measurement of fluorescence polarization in 10 TDx glass cuvettes loaded into a "Photo Check" carousel. Assay-competitive calibration curves were constructed using an analyte stock solution of 1 g/l in methanol diluted with borate buffer to give 0.1, 1, 10, 100, 1,000, 10,000, and 100,000 µg/l. The standards (100 µl) were vortex-mixed with fluorescein-labeled hapten solution (0.5 ml) and an appropriate dilution of antiserum (0.5 ml). After 1 min incubation, fluorescence polarization values were measured in a polarization fluorimeter (TDx Analyzer, Abbot Laboratories). The same procedure was used for analysis of samples. The calibration curves were analyzed using a four-parameter equation using Origin 6.0 for Windows.
RESULTS AND DISCUSSION
For the assay development, the antisera were obtained by immunization of rabbits with PCP-BSA and thio-PCP-BSA conjugates (Fig. 1) . Antibodies obtained from PCP-BSA bind to the tracers better than other derivatives; titers of anti-PCP-BSA were about 1:20,000 while anti-thio-PCP-BSA had titers around 1:200. The former antiserum had also provided more sensitive calibration curves (IC 50 values for anti-PCP-BSA were about 1 ppm, for anti-thio-PCP-BSA about 10 ppm) and so was used further for assay development.
Tracers PCP-O-(CH 2 ) n -EDF with different length of link between the target molecule (hapten) and fluorescent residue were synthesized (Fig. 2) , and in the same way a tracer series from the aniline derivatives (PCP-N-(CH 2 ) n -EDF) was synthesized. Also, heterologous tracers 2,4,5-T-EDF and 2,4,5-TP-EDF were investigated in the assay. Assay IC 50 values and limits of detection for different tracers are shown in Table 1 . Tracer 2,4,5-T-EDF did not display any binding to the antise- rum. The best tracer for PFIA of PCP was the homologous tracer PCP-O-CH 2 -EDF, which has the shortest spacer arm between hapten (PCP residue) and fluorescein. With the increase of the spacer arm length, the assay sensitivity decreased in both the phenol and anilin derivatives of PCP. 2,4,5-TP-EDF did not exhibit sufficiently high binding (serum titer was 1:300) but demonstrated an acceptable calibration curve, though less sensitive than homologous tracers. The assay limit of detection in the case of the most optimal tracer was 10 ppb; detectable concentration range or assay dynamic range was 10-9000 ppb.
The selectivity of the developed assays was also estimated. Cross-reactivity (%CR) was studied for related compounds (Table 2) . Pentachlorophenoxyacetic acid displayed extremely high crossreactivity percentage (2,076%). This was expected in view of its greater similarity to the immunogen than to the PCP molecule or due to the higher degree of homology. 2,4,5-trichlorophenoxyacetic (2,4,5-T) and 2,4,5-trichlorophenoxypropionic (2,4,5-TP) acids had %CR 8.3 and 4.7, respectively. The other compounds tested revealed much lower cross-reactivity.
The applicability of the developed methods was studied using field water samples. Recovery tests were carried out in river water, mineral water, and snow. Recoveries of all pesticides were in the range of 89-120% (Table 3) .
To compare the method with the other immunochemical methods, competitive ELISA for PCP in water was developed by Van Emon and Gerlach [7] . It had a limit of detection of 30-40 ppb. In a [8] , use of ELISA was described for wastewaters, where PCP was detected at a level of 1-10 ppb. Thus the ELISA method has better sensitivity, but the advantage of the developed PFIA is rapidity (30 min for obtaining the calibration curve and 7 min for measurement of every 10 samples). This allows using it as a prescreening method for a great amount of environmental samples.
CONCLUSION
The polarization fluorescent immunoassay for PCP is a suitable technique for routine testing of water contamination with the pesticide. The developed PFIA is less sensitive than the ELISA method [4, 8] but is much more rapid and much simpler than all known bio and physical methods. The most sensitive assay was obtained by use of antisera obtained from immunogens with structures closest to PCP and with a homologous tracer with the shortest spacer. The developed PFIA is specific and can be applied for pesticide detection in natural water samples in the concentration range of 10-9,000 ppb. Analysis of water samples requires no pretreatment step.
The rapidity and simplicity of PFIA give it great perspective for wide application in environmental monitoring. As PFIA is a widely used technique for drugs and hormone tests, the same trend can be expected for pesticides and other environmental screening. 
